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ABSTRACT

Recently, the U.S. Food and Drug Administration (FDA), the U.S. National Institutes of Health, and
the stem cell research community have collaborated on a series of workshops that address moving
pluripotent stem cell therapies into the clinic. The first two workshops in the series focused on
preclinical science, and a third, future workshopwill focus on clinical trials. This summary addresses
major points from both of the recent preclinically focused meetings. When entering into a thera-
peutics developmental programbasedonpluripotent cells, investigatorsmustmakedecisions at the
very early stages that will have major ramifications during later phases of development. Presenta-
tions anddiscussions fromboth invited participants and FDA staff described theneed to characterize
and document the quality, variability, and suitability of the cells and commercial reagents used at
every translational stage. This requires consideration of future regulatory requirements, ranging
from donor eligibility of the original source material to the late-stage manufacturing protocols.
Federal, industrial, and academic participants agreed that planning backward is the best way to
anticipate what evidence will be needed to justify human testing of novel therapeutics and to
eliminate wasted efforts. STEM CELLS TRANSLATIONAL MEDICINE 2013;2:483–487

INTRODUCTION

The need to develop new and more effective
drug-based treatments is well recognized; how-
ever, recent advances in molecular, cellular, ge-
netic, and material sciences have provided addi-
tional opportunities as novel interventions that
may address unmet medical needs. Pluripotent
stem cell-based therapeutics is arguably one
promising approach. Although a great deal has
been written about the promise of stem cells in
the treatment of a host of diseases and injuries,
the field is at a relatively early stage [1]. Much
work spanning basic, translational, and clinical
science is needed for these cells to meet their
anticipated potential. This research will require
collaborations fromboth public and private insti-
tutions. One such interaction has been a recent
collaboration between the U.S. Food and Drug
Administration (FDA), theU.S. National Institutes
of Health (NIH), and the stem cell research com-
munity in a series of workshops that address
moving pluripotent stem cell therapies into the
clinic. The first two workshops in the series fo-
cused on preclinical science, whereas a third, fu-
ture workshop will focus on clinical trials. Our
goal in this brief report is to summarize several
salient themes that emerged from the first two
workshops.

To enablemore effective translation of scien-
tific progress to clinical testing and use, the NIH
provides support to researchers developing
novel therapies, and the FDA is chargedwith reg-
ulation of manufacturing, clinical testing, and
marketing of therapeutics. The NIH is essentially
the nation’s medical research agency. Its mission
is to “seek fundamental knowledge about the na-
ture and behavior of living systems and the appli-
cation of that knowledge to enhance health,
lengthen life, and reduce the burdens of illness
and disability” (http://www.nih.gov). The FDA is
primarily a regulatory body, with a responsibility
to protect public health “by assuring the safety,
efficacy and security of human and veterinary
drugs, biological products, medical devices,”
among other things (http://www.fda.gov). Al-
though the respective missions and activities of
NIH and FDA differ, there is common ground be-
tween them, and increased coordination will ad-
vance the goals of both agencies.

With the establishment of the FDA-NIH Joint
Leadership Council and the 2010 launch of the
NIH-FDARegulatory Science Initiative (see [2, 3]),
interactions between the NIH and FDA continue
to grow. Recently, the NIH and FDA began collab-
orating on a series of workshops that address
moving pluripotent stem cell therapies into the
clinic (Fig. 1). The first in the series, “Pluripotent
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StemCells in Translation: Early Decisions,” heldMarch 21 and 22,
2011, focused on the considerations necessary to making pluri-
potent cells into a product suitable for clinical use. Topics in-
cluded the choice, characterization, and biology of pluripotent
cells; regulatory requirements and challenges; and emerging
technologies that may facilitate the translational trajectory for
pluripotent cells. The second workshop, held on July 10 and 11,
2012, focused on animalmodels, preclinical safety, and proof-of-
concept testing.

PLANNING AND DESIGN
The concept of “planning backward” was a primary theme that
emerged from the first workshop and was reemphasized in the
second. When entering into a therapeutics developmental pro-
gram based on pluripotent cells, investigators must make deci-
sions at the very early stages that will have major ramifications
during later phases of development. Federal, industrial, and ac-
ademic participants agreed that planning backward is the best
way to anticipate what evidence will be needed to justify human
testing of novel therapeutics and to eliminatewasted efforts. For
example, Dr. Malcolm Moos (FDA, Bethesda, MD) stressed that
attention should be paid during early decision-making to three
key controls to help ensure a safe and potent product: (a) source
control (i.e., control over where the cells and reagents used in
manufacture come from, and how they are tested to ensure suit-
ability for manufacture); (b) product testing (e.g., potency as-
says); and (c) process control (e.g., design of a reproducible, well-
controlled process for cellular differentiation/enrichment/
purification, appropriate testing of manufacturing intermediates,
validation of the process, and adherence to current goodmanufac-
turing practices).

It is particularly important and relatively common to give
careful thought to these variables as one initiates translational
phases of research; however, Dr. Gordon Keller (McEwen Centre
for Regenerative Medicine, Toronto, ON, Canada) stressed that
care should be taken even at the most basic stages of research.
Successful manipulations and reproducible results require high-
quality reagents, and it is incumbent on the investigator to char-
acterize and document the quality, variability, and suitability of
the commercial reagents that they use. If one intends for one’s
work to be relevant to products ultimately used for clinical test-

ing, it is never too soon to envision future regulatory require-
ments, including the late-stage manufacturing challenges that
will exist. As covered by Dr. Jane Lebkowski (Geron Corporation,
Menlo Park, CA), attention needs to be paid at an early point to
the effective dose (number of cells and/or repeated dosing), ma-
terials required to produce the cells, long-term storage of the
final product, and even how the cellular product will need to be
shipped, since all of these parameters will impact the manufac-
turing process. In essence, even at the earliest stages of testing a
cell preparation intended for use as a clinical product, one should
be considering how that product will be scaled through to mar-
ket: cell source, cell bank size, scalablemanufacturing processes,
improved raw materials, and infrastructure to support develop-
ment andmanufacturing. The themeof advancedplanning, care-
ful characterization, and justification for the proposed approach
reemerged in the second workshop, which is discussed later.

Design decisions that will determine the success of the trans-
lational effort begin, in fact, with the initial creation of pluripo-
tent cell lines themselves. During the first workshop, it became
evident that NIH and FDA requirements can differ in important
ways.Meeting the NIH funding eligibility requirements for use of
human embryonic stem (hES) cells (http://stemcells.nih.gov/
policy/Pages/2009guidelines.aspx) does not necessarily guaran-
tee that these cells will alsomeet FDA regulations for clinical use.
The FDA donor eligibility rule, 21 CFR 1271 (subpart C), effective
on May 25, 2005, “requires human cell, tissue, and cellular and
tissue-based product (HCT/Ps) establishments to screen and test
cell and tissue donors for risk factors for, and clinical evidence of,
relevant communicable disease agents or diseases” (http://
www.fda.gov/BiologicsBloodVaccines/TissueTissueProducts/
QuestionsaboutTissues/ucm102842.htm). It is not sufficient that
the cell, tissue, and cellular or tissue-based product itself is
tested, but it is required that the donor of the product must be
screened and tested at the time of tissue recovery, using meth-
ods specified by the FDA. The documentation of these testsmust
be available when the product is being evaluated by the FDA. To
re-emphasize this key point, the fact that a human embryonic
stem cell line meets the requirements of the NIH Human Embry-
onic Stem Cell Registry does not necessarily ensure that the eli-
gibility rule has been met. It is also important to note, however,

Figure 1. Anoutline of the steps involved in generating novel PSC-basedmedicines. From left to right, the figure illustrates the transition from
research stages tomedical practice.Major activities in each step are listed. Two key regulatory processes, the IND application and the BLA, are
highlighted. Planning backward from clinical trial design and/or the envisionedmarketed use of the cellular product, as recommended in both
workshops, is also depicted. Abbreviations: BLA, Biologic License Application; CMC, chemistry, manufacturing, and controls; IND, Investiga-
tional New Drug; PSC, pluripotent stem cell.
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that this rule does not apply to tissue recovered before the eligi-
bility rule was finalized, that is, May 25, 2005. For tissue recov-
ered afterMay 25, 2005, applicantsmay pursue an exemption to
the rule. Regardless, the best course is to become familiar with
the FDA donor eligibility rule and to consider its ramifications
during the earliest planning stages of producing a cellular prod-
uct destined for human use.

Since the FDA and the NIH are both part of the U.S. Depart-
ment of Health and Human Services, one could reasonably ask
why such a disparity exists in the first place. Each agency has a
congressionally mandated mission that specifies its activities.
NIH funds research at all stages, andmuch of the work it funds is
not directed at the clinical use of reagents created for research; it
is not always necessary, or financially prudent, to meet all regu-
latory requirements for early-stage research. Additionally, the
NIH is prohibited from funding the creation of hES cell lines;
therefore it cannot establish rules regarding the embryo dona-
tion and cell line creation process. For now, what the NIH can do
is towork together with the FDA to ensure that the community is
informed of the distinctions between the agencies’ activities.

ANIMAL MODELS

The second meeting focusing on preclinical considerations, held
July 10–11, 2012, explored the use of in vivo and in vitro animal
models that could be used to justify the potential benefits of a
pluripotent cell-derived therapeutic and establish potential risks
in consideration for approval of clinical testing. Drs. Walter
Koroshetz (National Institute of Neurological Disorders and
Stroke [NINDS]/NIH) and Mahendra Rao (Center for Regenera-
tive Medicine/NIH) again emphasized the importance of plan-
ning preclinical studies based on the intended design of clinical
studies, that is, planning backward by incorporating the clinical
model into the design of the preclinical studies. Whether inves-
tigating mechanism of action or safety of a novel cell product,
sponsors should consider current FDA regulations (under
21CFR312.22) and published guidances (see: http://www.fda.
gov/downloads/BiologicsBloodVaccines/GuidanceCompliance
RegulatoryInformation/Guidances/CellularandGeneTherapy/
UCM329861.pdf). Dr. Patrick Au (Center for Biologics Evalua-
tion and Research [CBER]/FDA) explained that the diversity of
cell products and the unique biological properties of specific
cell products necessitate that CBER maintain a flexible, case-
by-case approach to reviewing cellular products. The best
strategy for gaining clarity on the regulatory expectations for
a specific preclinical development program is to schedule an
early interaction with the CBER through a pre-pre-Investiga-
tional New Drug (pre-pre-IND) dialogue. The intent of the pre-
pre-IND dialogue is to provide a forum for discussing the na-
ture of the planned clinical indication and the preclinical
development program that would allow for an adequate as-
sessment of both the risks and potential benefits of the ther-
apeutic candidate.

Animal modeling plays an important role in justifying poten-
tial efficacy but also in assessing potential risks presented by a
candidate therapeutic. The meeting participants discussed the
choices ofmodels that are used, both in general andwith specific
examples that clarified the rationale behind these choices. Exam-
ples included cellular interventions for macular degeneration,
cardiovascular disease, diabetes, stroke, and neurological disor-
ders. The structure, physiology, and immunological state of

these systems differ, as does the homology of specific organs in
humans compared with different species (rodent, rabbit, dog,
pig, and nonhuman primates). In addition, relatively few large
animal models of specific disorders are available, often necessi-
tating the use of sequential systems to assess mechanism of ac-
tion, pivotal efficacy, pharmacokinetics, and toxicology. Speak-
ers emphasized that there is no single recipe for success, nor are
there shortcuts. There is no substitute for rigorous evaluation of
oncological risks, effect of the cell product on host tissues, and
effect of host tissues on the cells at every stage of study.

Before discussing particular types of animal models used for
testing pluripotent cells, it is important to note that many of the
concerns relating to these cells are similar to those relating to
differentiated cell products, whether they persist after implan-
tation or can be expected to have paracrine or immunological
effects independent of their continued survival. As such, estab-
lished precedents are relevant to evaluating the merit of exper-
imental designs (e.g., in review of grant applications) and in reg-
ulatory decisions. These common regulatory concerns include
identification of cell distribution and cell persistence, toxicity,
dosing, safety of delivery procedure, and development of po-
tency assays and availablemarker antibodies, and so forth. There
are important differences with pluripotent cells, however, that
must be addressed. Dr. Robert Deans (Athersys, Cleveland, OH)
emphasized that pluripotent cells themselves are not the actual
product of interest—they can divide, differentiate, and mature
after transplantation to exert the desired effects. Therefore, the
risk of ectopic differentiation, tumorigenicity, migration to non-
target sites, and immunological properties pose serious and
sometimes unique concerns. Induced pluripotent cells (iPSCs) in
particular raise unique questions for autologous therapeutic
strategies. Despite the autologous source, in vitromanipulations
may induce changes that could cause immunological rejection. It
is also unclear at this point how individualized cell preparations
will be regulated. One unresolved questioned identified by Dr.
Peter Coffey (Institute of Ophthalmology, London, U.K.) is
whether equally extensive characterization protocols will have
to be repeated for every iPSC line developed for autologous use.
These and other product pluripotent product issues will require
continued evaluation and discussion.

The key issues that can be addressed in testing with animal
models include mechanism of action in disease-specific models;
cell fate, migration, and continued differentiation; effect of the
disease processes on implanted cells; delivery and dosing para-
digms; optimization of trial design and patient selection criteria;
outcome assessment, including surrogate outcomes for potency
assays and lot release criteria; and risk of ectopic differentiation
or tumor development. Like other cellular therapies, pluripotent
cells may be ascribed to have pleiotropic (also known as uncer-
tain) mechanism(s) of action. The question of establishingmech-
anismof actionwas a recurring theme throughout theworkshop.

Whereas mechanism of action (MOA) studies are a hallmark
of NIH research, Dr. Au pointed out that, to the FDA, understand-
ing of MOA is helpful in the development of a particular cell
product (nice to know), but it is not required (need to know).
Having an understanding of the MOA can help guide product
characterization and manufacturing, as well as designing appro-
priate preclinical studies and clinical trials. From a regulatory
perspective, safety data to support the proposed dose range and
anatomic site of delivery in humans is critical information that
needs to be ascertained. Dr. Rajesh Ranganathan (NINDS/NIH)
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discussed the differing agency roles in regulation of product-in-
human testing (FDA) versus prioritization of resources at every
stage in the development of novel therapeutics that may relieve
the burden of disease (NIH). Experiences in the pharmaceutical
industry show that potency observed in model systems does not
ensure efficacy in humans. Therefore, proof of concept (POC)
may be achievable only in human studies. MOA studies are crit-
ical, however, for de-risking the translational process, even in the
absence of full understanding of the disease. Animal models and
the associated endpoints designed to test the effect of the cell
product on a particular target can be used to justify surrogate
markers or potency assays, to assess toxicities, and to justify the
types of in vitro and animal studies that should be conducted
before POC human studies should begin.

One important question posed during the panel discussion is
whether there is valid evidence that any observed effects are
attributable to the cells themselves versus the host reactions
they elicit. That is, how can it be demonstrated that the cells are
actually needed for therapeutic benefit? During POC testing, se-
lecting appropriate control conditions can provide important in-
formation about the role of the specific pluripotent cell-derived
product on host responses, compared with other foreign cells.
The question of selecting the appropriate “control” conditions
(live or killed cells vs. media vs. needle puncture) also deserves
careful consideration. Speakers cautioned that, again, there is no
one-size fits all control cell: the nature of the cell product and the
chosen control should be justified by information about both—
Dr. Clive Svendsen (Cedars-Sinai Regenerative Medicine Insti-
tute, Los Angeles, CA) cautioned that if the control cell injections
themselves cause damage, the comparison might unrealistically
amplify the apparent benefit of the cell product being tested.

One of the inevitable difficulties of testing of human cell
products in animals is immune rejection of xenografts. This diffi-
culty was cited as one place where standards in the field are not
sufficient, which can adversely affect the evaluation of both
funding applications and papers submitted for publication if re-
viewers do not value non-hypothesis-driven studies required for
INDs. Preclinical studies using homologous cells (cells derived
from donors of the same species as the host) might be used to
address early POC, host responses, and migration, if there is suf-
ficient justification that testing of the human cell product in the
disease model is not feasible. In fact, it was pointed out that
xenografting has distinct disadvantages for early POC and safety
testing in some diseasemodels. Dr. Arnold Kriegstein (University
of California, San Francisco, San Francisco, CA) described the dif-
ferentiation of human cells, which is significantly slower than
that of rodent cells, yet their function may depend on progress-
ing through their full maturation process to adequately deter-
mine their effect on hosts. As Dr. Svendsen described, this can be
particularly problematic in rodent models of progressive lethal
disorders, suggesting that following homologous species studies
it would be reasonable to use nondisorder large animals for later
safety studies of the human cell product itself. Dr. Emerson Perin
(Texas Heart Institute, Galveston, TX) compared small and large
species models used to directly test human cell delivery, safety,
retention, and immune issues. If developmental models are
used, it is important to consider the developmental milestones
of host species, as the graft-host responses can change during
maturation of the host, which could affect migration of grafted
cells, for example.

CONCLUSION

Overall, the discussion of different types of animal models illus-
trated many relevant preclinical issues, but few issues unique to
testing of pluripotent cells emerged, compared with testing of
other cell products. Several excellent summaries of testing and
translation of cells for diabetes and retinal, cardiac, and neuro-
logical disorders were presented. Perhaps the greatest advan-
tage of testing in animals is the potential to understand the fate
and function of the cells in complex and relevant disease condi-
tions. Strategies to address immunological responses, immune-
privileged sites, humanized hosts (mice or pigs), antirejection
drugs, in vitro testing, and homologous species testing were de-
scribed; each model has advantages and limitations to be con-
sidered. In fact, the speakers agreed that every model system
has limitations and that the best strategy is to understand and
address the various strengths and limitations as directly as pos-
sible. These issues include size, life span, understanding and fi-
delity of disease models, delivery devices, and structural/physi-
ological differences between species. Dosing choice for cellular
therapies remains a challenge, with characterization of the max-
imum feasible dose being more relevant than the maximum tol-
erable dose used in drug testing. The endpoints chosen to assess
both positive and negative effects of the cells are also an emerg-
ing areas where standardization of assays, tracking to evaluate
cell survival and fate, justification of parameters, sensitivity, and
reliability all need to be better developed.

The ultimate resolution of these questions will depend on
continuing and informed discussion between the agencies and
the scientific community. We refer readers to the videocast of
these meetings for a more detailed account of both workshops
(http://videocast.nih.gov/summary.asp?Live�10013&bhcp�1;
http://videocast.nih.gov/summary.asp?Live�10081&bhcp�1;
http://videocast.nih.gov/summary.asp?live�11344&bhcp�1; http:
//videocast.nih.gov/summary.asp?Live�11345&bhcp�1). We
also encourage investigators interested in this area to consult pub-
lished literature where many similar topics have been discussed
[4–7]. The thirdmeeting in this series, which is in development,will
address moving pluripotent cellular products out of the laboratory
into human testing and issues of clinical trial design. Overall, these
meetings illustrate federal agencies working together in collabora-
tion with the research community to address this nascent field in a
rational fashion. Claims of stemcell treatments and cures have cap-
tured theattentionofboth thepublic and themedia, but the fieldof
pluripotent cell therapy, although promising, is at an early stage.
Significant technical hurdles remain that will be overcome only
through years of concomitant research at the basic, translational,
and clinical levels.
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